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-75% CO2 (2050) 

(Source: European Comission,  europa.eu) 



DLR.de  •  Chart 3 

Weight 

Fu
el

 c
on

su
m

pt
io

n/
 

C
O

2 
em

is
si

on
s 

Pareto front 



DLR.de  •  Chart 4 

Forward Swept Wing (FSW) 

Strut Braced Wing (SBW) 

 natural laminar flow 
 less twist to achieve lift distribution 
 potential to 10% fuel reduction 

 
?   higher bending loads 
?   divergence 
?   gust response 

 higher span / AR -> lower drag 
 lower sweep / (t/c) -> laminar flow 
 less fuel if wing is light enough 

 
?   changes in loads due to strut 
?   strut weight 
?   flexible wing, aeroelastic effects 
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Design Studies 
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... about the methods 
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... about the methods 

Analytical  
Loads & Sizing 

Model Generation 
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... about the methods 

Analytical  
Loads & Sizing 

Model Generation 

Aeroelastic analyses 
(NASTRAN) 

back to the design studies ... 
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Forward Swept Wing 
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Dashed lines rigid loads 



DLR.de  •  Chart 12 



DLR.de  •  Chart 13 



DLR.de  •  Chart 14 

Some remarks about the methods 
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Loads (NASTRAN) model 
 

Elliptical lift distribution 
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Strut Braced Wing 
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Strut effect on internal loads ? 
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Strut attachment  
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Strut attachment  
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Strut attachment  
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Strut attachment  
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If strut resists buckling, then probably almost 
rigid 
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Strut attachment  
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Reduction in inboard  
bending stiffness undesired 
- buckling problems 
- reduced torsion stiffness 
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Strut position sensitivity ? 
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Wing load carrying mass 
Strut mass 

Total wing mass 
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Reduction in wing mass for a 
conventional planform 
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-13% wing mass 
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Not only weight reduction is required... 

... some aerodynamic improvement at 
constant mass... 
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Maximum AR at constant wing mass? 
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+39% higher AR 
at const. mass 
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Minimum t/c at constant wing mass? 



DLR.de  •  Chart 35 

- 45% lower t/c at 
const. mass 
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Pareto front:  
AR and t/c at constant wing mass 
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Baseline 
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Conclusion 
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Thank you for your attention! 
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